Microscopic and cultural examination of fecal specimens for diagnosis of Johne's disease was described in 1948. 15 In that study, Dunkins medium containing whole eggs, liver, and a glycerated extract of M. phlei was used. Samples were decontaminated in antiformin. The author concluded that microscopic examination of fecal specimens was more practical for diagnosis than was cultivation of the organism from fecal specimens and that culture was most useful for confirming the presence of M. paratuberculosis in specific cases of Johne's disease.
In 1950, 8 different media for primary isolation of M. paratuberculosis were compared. 34 Media containing at least 50% egg yolk were more reliable than complex mixtures containing whole eggs or liver. Finlayson's medium, 9 which contains 60% egg yolk, was identified as the preferred medium. Decontaminating agents also were evaluated. Although oxalic acid was less inhibitory to M. paratuberculosis, use of antiformin was recommended because of more effective decontamination of fecal specimens. The author stated, "there is at present no completely reliable method of obtaining M. johnei in culture from infected bovine faeces, particularly from samples in which they may be present in very small numbers."
Various decontaminating agents in conjunction with two media were compared in 1953 . 33 Modified Dubo's medium was judged superior to Taylor's modification of Finlayson's medium 34 for cultivation of M. paratuberculosis from infected material. Decontaminants compared were 4% NaOH, 10% trisodium phosphate, 5% oxalic acid, 5% sulphuric acid, and 10-20% antiformin. The efficacy of including penicillin and chloramphenicol in media to control contamination without inhibition of M. paratuberculosis also was tested. Contamination was best controlled by pretreating fecal specimens with 20% antiformin and incorporating penicillin into the medium.
A review of procedures for diagnosis of paratuberculosis was published in 1959. 12 The authors stated, "Cultural examination of the faeces is not only complicated by contamination problems, but is of little practical use for diagnosis because of the slow growth of the organisms, and this procedure is reserved almost solely for experimental work. If faeces examinations are practical only in the scouring animal, as has been suggested, this test has only limited diagnostic value and has no direct application to eradication or control measures."
In 1963, specimens were decontaminated using 10% sulfuric acid and inoculated onto Lowenstein-Jensen medium containing 5% killed bovine tubercle bacilli. 30 Inoculation of more tubes of medium increased the chances of obtaining a positive diagnosis by culture. Culture was positive in some cases that were negative by microscopic evaluation; however, some cases were microscopically positive and culture negative. The prolonged time required for culture was thought to diminish its value for diagnosis.
The purpose of a study reported in 1964 21 was to develop procedures for primary isolation of M. paratuberculosis from specimens that contained too few organisms to be detected microscopically. A modification of HEYM was compared with lymph node egg yolk medium, 22 each containing M phlei suspended in glycerin as a source of mycobactin. The following decontaminants were also evaluated: 4% NaOH, 0.2% NaOCI, 0.5% phenol, and 0.1-1.0% benzalkonium chloride. The combination of benzalkonium chloride as a decontaminant and modified HEYM was superior to microscopic examination for detecting M. paratuberculosis in a specimen. Use of 0.3% benzalkonium chloride for l-3 days for decontamination of fecal specimens was recommended.
In 1968, Merkal et a1. 23 recommended 1) the cultural examination of fecal specimens for diagnosis of subclinical paratuberculosis and 2) the examination by twice yearly fecal culture of herds suspected of having paratuberculosis and the slaughter of culture-positive animals.
Although mycobactin from M. phlei was isolated and characterized in 1953, 10 most investigators continued to use a suspension of M. phlei in media as a mycobactin source. The HEYM described in 1968 contained an extract of M. phlei as a crude mycobactin source . 23 Mycobactin from M. phlei was later designated mycobactin P. 18 In 1970 and 1973, 50-100 organisms per gram of feces were reported as required for detection of M. paratuberculosis using the recommended cultivation procedure. 18, 19 In 1972, decontamination of fecal specimens in benzalkonium chloride followed by either mixing the inoculum in a suspension containing amphotericin B or by inoculation onto media containing amphotericin B was recommended to better control fungal contaminants. 26 Amphotericin B, an antifungal agent, had no detrimental effect on M. paratuberculosis.
Growth and metabolic characteristics of M. paratuberculosis were described in 1974. 20 Dependence of M. paratuberculosis on exogenous mycobactin could be circumvented by adding 1% ferric ammonium citrate to the medium, and growth of most strains tested was enhanced by adding 4.1% sodium pyruvate to the medium.
In 1980, fecal culture results were compared with antibody response as determined by the complement fixation test. 8 The decontaminant used was 0.2% alkylbenzyl-dimethyl-ammonium chloride, and the medium was HEYM containing mycobactin P. The au-thors stated, "fecal culture therefore appears to be a good basis on which to evaluate various immunological reactions of infected cattle." The disadvantages of using fecal culture were prolonged incubation and contamination problems.
In 1982, an alternative medium for cultivation of M. paratuberculosis from bovine fecal specimens was described. 13 Modified Lowenstein-Jensen medium, containing mycobactin, sodium pyruvate, cycloheximide, penicillin, and chloramphenicol (Jorgensen's medium), was used and was superior to standard Lowenstein-Jensen medium containing mycobactin for cultivation of M. paratuberculosis. Later studies were done to compare Jorgensen's medium with HEYM. In 1985, Jorgensen's medium was reported as able to support growth of M. paratuberculosis; however, this medium was more adversely affected by contamination than was HEYM. 43 A 1989 report indicated that colonies were more numerous and appeared earlier on Jorgensen's medium than on HEYM (Hennager SG: 1989, Abstr Conf Res Workers Anim Dis. #113, p. 21). The author recommended that both types of medium be used for cultivation of M. paratuberculosis.
In 1982, mycobactin J, a new mycobactin isolated from M. paratuberculosis strain 18, was described. 25 When growth of M. paratuberculosis on HEYM containing mycobactin J was compared with that on HEYM containing mycobactin P, colonies appeared earlier and more colonies were present on medium containing mycobactin J. 7,25, 42 In addition, some isolates from goats were recovered only on medium containing mycobactin J. 7, 25 Oxalic acid, NaOH, benzalkonium chloride, and hexadecylpyridinium chloride (HPC) were evaluated as decontaminants in 1982, 24 1983, 42 and 1988 (Kenefick KB, Himrich CD, Collins MT: 1988, Abstr Conf Res Workers Anim Dis #137, p. 24). HPC had the least detrimental effect on growth of M. paratuberculosis. In addition, contamination was controlled slightly better by HPC than by benzalkonium chloride. 24, 42 In contrast, results of other comparisons showed that HPC was not superior to benzalkonium chloride (unpublished data); therefore, benzalkonium chloride has been used as the decontaminant in some laboratories. 41 In 1986, the most common types of bacterial and fungal contaminants that interfere with cultivation of M. paratuberculosis from fecal specimens were identified. 36 Various antimicrobial agents were then tested to determine if any could be used to inhibit growth of contaminants without inhibition of Mycobacterium paratuberculosis. 36, 37 Ketaconazole and cycloheximide could be added to HEYM without inhibiting M. paratuberculosis. 2, 38 In addition, incorporation of miconazole into HEYM significantly reduced contamination. 14 Studies comparing results from samples centrifuged prior to inoculation with those from samples that were not centrifuged have been recently described (Whitlock RH, Bruce JB, Spencer PA, Hutchinson L: 1988, Abstr Conf Res Workers Anim Dis #134, p. 24). 14,37,44 A n increase in sensitivity of almost 300% was observed for centrifuged versus noncentrifuged samples. 44 In a separate study, a lo-fold increase in the number of organisms isolated was observed when samples were centrifuged. 37 Ten to 50 colony-forming units per gram of feces may be detected when centrifugation is used. 31, 32, 46 In contrast, a separate study showed no significant increase in the number of positive samples when centrifuged samples were compared with noncentrifuged samples. 14 Centrifuged samples were contaminated more often than noncentrifuged samples. The procedures used in this study were different from those used in previous studies. Therefore, direct comparison of results was not possible.
Incubation times reported in the literature vary considerably. In 1989, Whitlock reported that >98% of positive cultures were detectable by 12 weeks incubation and that 90% of cultures with > 6 colonies were detected by 8 weeks. Therefore, it was possible to report culture results after 12 weeks incubation. 45 In addition to cultivation of M. paratuberculosis using solid media, methods using liquid media containing 14 C-labeled fatty acids have been described? When compared with conventional cultivation procedures using HEYM, increased sensitivity and decreased incubation time were achieved using filter concentration of fecal specimens and radiometric cultivation procedures 16 The radiometric cultivation method described was more rapid, sensitive, and economical than conventional cultivation methods for diagnosis of paratuberculosis. 16 Many procedures for cultivation of M. paratuberculosis from fecal specimens have been developed and are in use in various laboratories. However, no specific method is recognized as the standard procedure for fecal culture. A standardized procedure would provide uniformity from laboratory to laboratory, facilitate comparison of results among laboratories, and provide a reference point for evaluation of other diagnostic tests, including improved cultivation procedures.
Suggested standardized procedure for cultivation of M. paratuberculosis from bovine fecal specimens

Safety
Although M. paratuberculosis generally is not considered to be infectious to humans, an M. paratuberculosis-like organism has been isolated from some patients with Crohn's disease. 4, 17 Fecal specimens and suspensions of organisms should be handled in a certified level 2 biological safety cabinet. 29 Phenolic-based compounds, such as 2% Amphyl, a are effective disinfectants. 27 
Specimens
Collect feces rectally from each animal using a clean, dry examination glove. Place about 10 g of feces into a clean, sealable sample container that has been labeled to permit unequivocal identification of the animal from which the sample was collected. Samples should be packed in an insulated container with refrigerated (not frozen) cool packs to protect from temperature extremes during transport then sent to the laboratory by overnight delivery. Samples should be processed within 96 hours of collection; however, if this is not possible, samples should be placed in a -70 C freezer. Frozen samples should be thawed rapidly by placing them in a 35 C waterbath or incubator.
Procedures
Place 1 g of feces in a 50-ml centrifuge tube with 35-40 ml sterile deionized or distilled water. Shake or vortex samples to make a uniform suspension. Samples may be shaken 30 minutes on a horizontal shaker. After the suspension has been set upright and allowed to settle for 30 minutes, transfer 5 ml from the upper half of the supernatant to another 50-ml centrifuge tube containing 25 ml of 0.9% HPC (final concentration, 0.75% HPC). Invert tubes to mix the sample suspension with decontaminant then set tubes upright at room temperature.
After overnight (16-24 hours) decontamination, inoculate 4 tubes of HEYM with 0.1 ml of the sediment that forms at the bottom of the sample tube. Samples submitted from cattle suspected of having paratuberculosis should be inoculated onto 3 tubes of HEYM containing mycobactin J and 1 tube of HEYM with no mycobactin. Samples submitted for whole herd testing and certification programs should be inoculated onto 4 tubes of HEYM containing mycobactin J.
Place inoculated tubes in a horizontal position with loosened caps for at least 1 week at 37 C. When no visible moisture remains on the surface of the medium, tighten caps and continue incubation in a vertical position. Examine tubes at least once every 4 weeks for at least 12 weeks. Some laboratories report results after 12 weeks incubation, whereas others allow cultures to incubate for 16 weeks. Approximately 97% of positive cultures will be visible after 12 weeks incubation, and an additional 2-3% will be positive after 16 weeks incubation.
Colonies that require >3 weeks incubation to be visible, that have a morphology consistent with M. paratuberculosis. and that stain acid-fast can be iden-tified as M. paratuberculosis with a high level of confidence. Cultures may be tested for mycobactin dependence to confirm identification.
Any sample from which M. paratuberculosis is isolated should be considered positive, even in the presence of contamination. Negative samples must have at least 2 of 4 tubes free of contamination for the test result to be considered valid. Samples with 3 or more tubes contaminated should be retested if M. paratuberculosis has not been isolated.
Mycobactin dependency test
Suspend suspect colony in 0.5 ml of sterile distilled water so that the turbidity is about 0.01 optical density units at 540 nm. Inoculate 0.1 ml of the suspension onto a single tube of HEYM containing mycobactin J and 0.1 ml onto a single tube that does not contain mycobactin. Incubate tubes for 1 week with loosened caps at 37 C. Examine tubes weekly for the presence of growth. Acid-fast cultures that grow only in the presence of mycobactin are identified as M. paratuberculosis.
Modified Herrold's egg yolk medium
Combine the following: 9.0 g peptone, 4.5 g sodium chloride, 15.3 g Noble agar, 2.7 g beef extract, and 4.1 g sodium pyruvate. Add 27 ml glycerine and 870 ml distilled water. Mix ingredients on a stir plate to form a suspension and add sufficient 1 N NaOH so that the pH is 8. 1-8.4 . The pH of the final product should be 7.0-7.5 when the suspension prior to autoclaving is pH 8.1-8.4. Autoclave at 121 C for 25 minutes then cool to 56 C.
Prepare eggs as follows, using 6-7 eggs/liter of medium: 1) scrub eggs with a brush, using water containing a mild household detergent; 2) rinse eggs in water then soak in 70% isopropanol for 30 minutes; 3) allow eggs to air dry by placing them on a sterile towel and covering them with part of the towel; 4) using sterile forceps, crack and remove the top part of the eggshell; 5) remove egg white and yolk membrane using sterile forceps and gravity; 6) carefully remove egg yolk and place in a sterile beaker. Use at least 120 ml of egg yolk/liter of medium. If fresh eggs from a disease-free antibiotic-free source are not available, 100 ml of Bacto egg yolk suspension b may be used.
After the medium has cooled to 56 C, add the prepared egg yolks, 5 ml of sterile malachite green oxalate (2% w/v in distilled water; mix well before removing the 5 ml aliquot), 4 ml of ferric mycobactin J (2 mg mycobactin dissolved in 4 ml 95% ethanol), and 5 ml of 10 mg amphotericin B/ml sterile distilled water. Allow medium to mix thoroughly then dispense 9 ml aliquots into sterile 20 mm x 125 mm screw-cap tubes. Allow medium to solidifv by placing tubes in a slanted nosition so that the surface area of the medium is maximized. 
Quality control procedures for HEYM
